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Abstract 

We construct the Drinfeld twists (factorizing F-matrices) of the gl(m\n)- 
invariant fermion model. Completely symmetric representation of the pseudo- 
particle creation operators of the model are obtained in the basis provided by the 
F-matrix (the F-basis). We resolve the hierarchy of the nested Bethe vectors in 
the F-basis for the gl(m\n) supersymmetric model. 



I Introduction 



In pp, it was realized that the F-matrices for the one-dimensional integrable XXX 
and XXZ spin chain systems are factorized in terms of certain non-degenerate lower- 
triangular F- matrices (Drinfeld twists |2|) 
IT) ; 

^! R u (u 1 ,u 2 ) = F^(u 2 , ui)F 12 (ui, u 2 ). (I.l) 

O ■ 

iy) . This leads to the natural F-basis for the analysis of these models. Working in the 
F-basis, the pseudo-particle creation operators of the systems take the completely 
symmetric form. Compared to the original Bethe vectors of the models, Bethe vectors 
in the F-basis are dramatically simplified and can be written down explicitly. These 
results allow form factors, correlation functions and spontaneous magnetizations of the 
systems to be represented in exact and compact form OH]- 

The results of were generalized to other models including the models associated 
with any finite-dimensional irreducible representations of the Yangian Y[g/(2)] j^j, the 
gl(n) rational Heisenberg model jB], the elliptic XYZ and Belavin models j7J|S]. 

There are integrable models which do not come from a bosonic algebra. Examples 
include the Perk-Schultz model jHj, whose exact solution and the Bethe ansatz equa- 
tions were obtained in [TU1 ITU IT2"] . The actual algebra underlying the Perk-Schultz 
model is the Lie superalgebra gl(m\n): using the transformation introduced in [T3] . 
the F-matrix of the Perk-Schultz model is related to the gl{m\n) -invariant F-matrix. 
Integrable models with gl(m\n) supersymmetry are physically important because they 
give strongly correlated fermion models of superconductivity. Interesting examples in- 
clude the gZ(2|l)-invariant supersymmetric t-J model, the g/(2|2)-invariant electronic 
model [Hj and the supersymmetric U model [TH], proposed in an attempt to under- 
standing high-T c superconductivities. The application of the hierarchy of the algebraic 
Bethe ansatz to spin systems related to Lie superalgebras was given in |16j . 
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Recently [TTJUB], we have successfully constructed the Drinfeld twists for the t-J 
models with gl(2\l) and U q (gl(2\l)) supersymmetries, and resolved the hierarchies of 
the nested Bethe vectors of the two models. In this paper, we construct the factorizing 
F-matrices of the gZ(m |n)-invariant fermion model. Working in the F-basis, we obtain 
the symmetric representations of the monodromy matrix and the creation operators. 
Moreover we resolve the hierarchy of the nested Bethe vectors in the F-basis for the 
gl{m\n) model. 

The present paper is organized as follows. In section II, we introduce some basic 
notation on the g/(m|n)-invariant fermion model. In section III, we construct the F- 
matrix and its inverse. In section IV, we give the representation of the monodromy 
matrix and creation operators in the F-basis. In section V, specializing to the gl(2\2) 
invariant superconductive electronic model, we resolve its nested Bethe vectors in the 
F-basis. In section VI, we resolve the hierarchy of the Bethe vectors of the gl(m\n) 
model in the F-basis. We conclude the paper by offering some discussions in section 
VII. 

II Basic definitions and notation 

Let V be a (m + n)-dimensional g/(m|n)-module and F G End(V <8> V) be the 
F-matrix associated with this module. V is Z 2- graded, and in the following we choose 
the following grading for V: [1] = . . . = [m] = 1, [m + 1] = . . . = [m + n] = 0. The 
graded permutation operator V is defined by 

V{a®b) = (~l) [a][b \b®a) (11.1) 

or in matrix form 

{*py& = (-i) [clM Uc 

The F-matrix depends on the difference of two spectral parameters U\ and u 2 associated 
with the two copies of V, and is given by 

Ri 2 (ui,u 2 ) = Fi 2 (ui - u 2 ) = a 12 I + b 12 V, 

(11.2) 

where / is the identity operator, and 

a 12 = a(m, u 2 ) = — ^— , 612 = b(m, u 2 ) = — ■ — (II.3) 

Ux — u 2 + r] U\ u 2 ~\~ tj 

with 77 G C being the crossing parameter. One can easily check that the F-matrix 
satisfies the unitary relation 

F 21 F 12 = 1. (II.4) 

Here and throughout F12 = Ri 2 (u\,u 2 ) and R 2 i = R 2 i{u 2 ,Ui). The F-matrix satisfies 
the graded Yang-Baxter equation (GYBE) [T5] 



F12F13F23 — R 2 -zRi3R\ 2 . 



(II.5) 



3 



In terms of the matrix elements defined by 

R(u)(v 1 ' ® v j ') =^2R(u) i -f{v i ® ^'), (II.6) 

the GYBE reads [T3] 

£ i2(ui - r*)*^ - u 3 )2'R(u 2 - .3)g'(-l) b " 1([i ' ]+[i " D 
= £ i?(. 2 - ^ 3 )^'^(-i - u^'Riur - u4'f(-lfm + m). (ii. 7) 

i',j',k' 

The quantum monodromy matrix T(u) on a lattice of length N is defined as 

T(u) = R 0N (u, z N )R 0N -i(u, ^Ar-i)...i2oi(w, zi), (II. 8) 

where the index refers to the auxiliary space and {z;} are arbitrary inhomogeneous 

parameters depending on site i. T(u) can be represented in the auxiliary space as a 

{m + n) x (m + n) matrix whose elements are operators acting on the quantum space 
y®N. 



T{u) 



( A n (u) ■■■ A 1 

m+n— 1 \U ) B x {u) \ 

\ Cx{u) ■■■ C m+n -i(u) D(u) ) 



;n.9) 



By using the GYBE, one may prove that the monodromy matrix satisfies the GYBE 

R l2 {u - v^ti^Tziv) = T 2 {v)T 1 {u)R l2 {u - v). (11.10) 

Define the transfer matrix t(u) 

t(u) = str T(u), (11.11) 

where str denotes the supertrace over the auxiliary space. Then the Hamiltonian of 
the gl(m\n) supersymmetric model is given by 

H = (11.12) 

This model is integrable thanks to the commutativity of the transfer matrix for different 
parameters, 

[t(u),t(v)]=0, (11.13) 

which can be verified by using the GYBE. 

Following £Q, we now introduce the notation R" N , where a is any element of the 
permutation group <Sjv- We note that we may rewrite the GYBE as 

R 2 fT 0j23 = T 0>32 R^ 3 , (H-14) 
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where 023 is the transposition of space labels (2,3), R^f = R23, and T 0j 23 = i?o3-Ro2- It 
follows that Ri N is a product of elementary ^-matrices, corresponding to a decom- 
position of a into elementary transpositions. With the help of the GYBE, one may 
generalize (jll.l4j) to a iV-fold tensor product of spaces 

Rl...N P 0,l...N = ^o,o-(l...AO-^1...7V' (11.15) 

where T 0j i...at = Ron ■ ■ ■ Rqi- This implies the "decomposition" law 

R i1n = R l'(l...N) R X...Ni (11.16) 

for a product of two elements in S^. We remark here that for the elementary transpo- 
sition <7 iji+ i, i?!*'*^ 1 = R i,i+i, an d for any a G Sn, R° n can be obtained with the help 
of (jlTTBl 

Note that R^n N \ satisfies the relation 

R a'(l...N)To,a'(l,„N) = To,cr'a(l...N) R a'(l...N) ■ (HT7) 

As in |6], we write the elements of R" N as 

where the labels in the upper indices are permuted relative to the lower indices accord- 
ing to a. 

Ill F-matrices for the gl(m\ri) supersymmetric model 

In this section, we construct the factoring F-matrix and its inverse for the supersym- 
metric gl(m\n) model. 

III.l The F-matrix 

For the R- matrix (jll.2j) . we define the F-matrix 

m 

Fu= E p? L pr+ci2Ys p ? p i+ E p i ip 2 2R i2, (ni.i) 

m+n>ct2>ai 7=1 m+n>Qi>ci2 

where (P£*) l k = $k,ofii,a is the projector acting on zth space, and c i2 = — bi 2 . Then 
by the R- matrix (jll.2|) and F- matrix ()111.1|) . we have 



F2lRl2 = [ P2 2 Pl 1 +C2lJ2 P 2 P l+ E P 2 2 Pl 1 R2l)R 

vm+n>ai>«2 7=1 m+n>ot2>ai 

m m+n 

Y prA ai + (i+c 2 i)E p 2 7p i 7 + E p 2 p i 

\m+n>ai>a2 7=1 7=m+l 



12 
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+ PpPf'RnjR 

m+n>a2>ai / 



m+n 



= P2 2 prRi2 + (i+c 12 )J2 p 2 p i+ E p i p ? 

m+n>ai>a2 7=1 7=m+l 
m+n>«2>ai 

m 

m+n>«i>02 7=1 m+n>ot2>ai 

= F 12 . (111.2) 

Here we have used R12R21 = 1 and C12C21 = 1. Some remarks are in order. The 
solutions to i.e. the F-matrices satisfying are not unique [TJ Ej. In this 

paper, we only consider particular solution of the form (|III.1|) . which is lower-triangle. 

We now generalize the F-matrix to the iV-site problem. As is pointed out in jH], 
the generalized F-matrix should satisfy three properties: i) lower-triangularity; ii) non- 
degeneracy and 

hi) F CT (i...Ar)(^ CT (i), • • • , Mn)) r L.n( z u ■■■,zn) = Fi...n(zi, z N ), (III. 3) 

where a G Sn and Zi, i — 1, . . . , N, are generic inhomogeneous parameters . 
Define the iV-site F-matrix: 

* N 

iV;v=£ £ U p auf s (^^^) R i...N, (ni.4) 

ctGSjv a a ( 1 y..a a{N) j=l 

where the sum is over all non-decreasing sequences of the labels a^y. 

a CT (i+i) > a ff (i) if cr(i + 1) > cr(i) 

> if cr(i + 1) < cr(i) (III.5) 

and the c-number function S(c, cr, a a ) is given by 

N 

S(c, a, a a ) = exp{ £ <5J( fe) ,<v w M 1 + C«t(*MJ))} (HI.6) 

l>k=l 

with 7 = 1, . . . ,m, o3\ h) , a<l) = 1 fo r = a ff (Q = 7, and <^ (fc) ,q g(0 = otherwise. 

The definition of F^jv, (jlll.4j) . and the summation condition (jlll.5|) imply that 
Fl.jv is a lower-triangular matrix. Moreover, one can easily check that the F-matrix 
is non-degenerate because all diagonal elements are non-zero. 

We now prove that the F-matrix (|III.4|) satisfies the property iii). Any given per- 
mutation a G iSjv can be decomposed into elementary transpositions of the group 
as a = 0i . . . cr*. with <7j denoting the elementary permutation (i, i + 1). By (jll.l6j) . we 
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have if the property iii) holds for elementary transposition 

F<r(l...N)Rl...N = 

— - r <Ti...<T fe (l...Af)- f i- (J1 ... (Tfc _ 1 (i...AT)- n ' CT1 ... CTfe _ 2 (i...Ar) • • • ^...N 

Tp pCTfc-l p (T1 

— r o-i-CTfc-i(l-Af)- a CT1 ... CTfc _ 2 (l...Ar) • • • ^l-.N 

= . . . = Fai(l...N)Rlt.N = Fi~n- (IH-7) 
For the elementary transposition <7j, we have 

F<Ji{l...N)Rl]..N = 



N 



.A' 



a iff 
N 



E E II Cw ^ ^ ^^)^(i...ad^: 

(XSSjV "(T i tT(l)--- Ct CT i O-(JV) J = l 

* AT 

E E nCw^'^^i 

<re<Sjv o CTiCT (i)---" CTi o-(jv) i=i 

iv 

E E X\P^fS{c,a,a,)Rl, N , 

aeS N a 5 ( 1) ...o 5 ( JV ) j=l 



where a = a^a, and the summation sequences of a„ in Y? now nas the form 



(III.8) 



&a(j+i) > ata(j) if cr { a(j + 1) > cr^'), 

"crO'+l) > "50) ^ 0"iCr(j + 1) < <7i&(j)- (III. 9) 

Comparing ()III.9|) with ()HI.5|) . we find that the only difference between them is the 
transposition <Ji factor in the "if conditions. For a given a G Sn with a(j) = i and 
a{k) = i + 1, one finds that if \j — k\ > 1, then <jj does not affect the sequence of at 
all, that is, the sign of inequality " > " or ">" between two neighboring root indexes 
is unchanged with the action of <jf, and if \j — k\ = 1, then in the summation sequences 
of a&, when a(j + 1) = i + 1 and a(j) = i, sign ">" changes to " > ", while when 
a(j + 1) = % and a{j) =i + l, " > " changes to ">". Thus (ITTLol and (ITTLSjl differ 
only when equal labels ol„ appear. With the help of the c-number S in the definition 
of Fi,...,n fjlll-4|) and the relation Ci 2 c 2 i = 1, one easily shows that for the equal labels, 
F ai (i...N)R\ i n ~ Fi. jf = 0. (For detailed proof, please see |T7j.) 

Therefore, we have proved that the Drinfeld twist factorizes the i?-matrix of the 
iV-site gl(m\n) model: 

r i...n( z u ...,z n ) = F^ N) (z a( i), z a{N) )F l ... N (z l , ...,z N ). (III. 10) 

In summary, the factorizing F-matrix i*i..jv of the gl(m\n) model is proved to satisfy 
all three properties. 
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III. 2 Inverse F 1 N of the F-matrix 

The non-degenerate property of the F-matrix implies that we can find the inverse 
matrix F^ N . To do so, we first define 



k..n = E E %^^:fL.N)nc c,i 



N 



o-e5jv o [T (i)...o CT (jv) j=l 

(III.ll) 

where the sum ^2** is taken over all possible ctj which satisfies the following non- 
increasing constraints: 

a<j(i + i) < if cr(i + 1) < a(i), 

< a ff (i) if &(i + 1) > (III. 12) 

Now we compute the product of Fi N and F*___ N . Substituting ()111.4|) and 
into the product, we have 

Fi...nK..n = E E E E S^^a^S^cr',^) 

cre<Sjv cr'eS N a ai ...acr N /3 CT / ...^/^ 



AT AT 

np<Mi) do-'" 1 TT p^'K 

r <r(i) - K l...Af- K ( j'(l...Af) H-St'W 

i=l i=l 



E E E E s^^a^s^a',^ 



N N 



X 

i=l i=l 



To evaluate the r.h.s., we examine the matrix element of the R- matrix 

(K<(,:v)) a , • (ni.14) 

Note that the sequence {a a } is non-decreasing and {(3^} is non-increasing. Thus the 
non- vanishing condition of the matrix element (jIII.14|) requires that a a and (3 a i satisfy 

At' (AT) = a<r(l), • • • , Ar'(l) = <%a(N)- (III. 15) 

One can verify .6. that ()III.15|) is fulfilled only if 

a'(N) = a(l),...,a'(l)=a(N). (111.16) 
Let a be the maximal element of the Sn which reverses the site labels 

a(l,...,iV) = (iV,...,l). (111.17) 
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Then from (jIII.16|) . we have 

a' = oo. (111.18) 
Substituting (1111.151) and (1111. 18j) into (1111. we have 

* N N 



(111.19) 

The decomposition of R a in terms of elementary F-matrices is unique module GYBE. 
One reduces from (jIII.19j) that FF* is a diagonal matrix: 

Fi... N Fl M = Y[A ij , (111.20) 

i<j 

where 

{ciij if «j > «j 
4;, ;[::=«:=i, 2,..., m • < nm > 
1 if m = a.j = m + 1 , . . . , m + n 

Therefore, the inverse of the F-matrix is given by 

v /r... vIl A -/- ( IIL22 ) 

i<j 



IV The monodromy matrix in the F-basis 

In the previous section, we see that the gl(m\n) R- matrix factorizes in terms of 
the F-matrix and its inverse which we constructed explicitly. The column vectors of 
the inverse of the F-matrix form a set of basis on which gl(m\n) acts. In this section, 
we study the generators of gl(m\n) and the elements of the monodromy matrix in the 
F-basis. 



IV. 1 gl(m\n) generators in the F-basis 

Denoted by F 7 7±1 the simple generators of the iV-site gl{m\n) supersymmetric system. 
Then F 7 7±1 = FZ7 1 + . . . + F^T 1 , where FT7 1 acts on the kth. component of the 

tensor product space. Let F 77±1 denote the corresponding simple generators in the F- 
basis: F 77±1 = Fi...atF 77±1 F 1 _1 7V . For later use, we derive F 7 7+1 . From the expressions 
of F and its inverse, we have 

F 77+1 = F l .jvF 7 1+1 F-l N 

= E E E S(c,<T,a a )S(c,a',P a >) 

<J,a'eSN a cj(i)--- a <j(N) /V(i)---/V(iV) 
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N N 

x n p^blnv ^K'tm n n v 

E S(c,a,a a )S(c,a',(3 a/ ) 

<r,<j'eS N a (r ( 1 )...a cr (jv) /3 CT /(i)---/3 (T /( J v) 
AT AT 

x jj p^nr ^ K '~; :n) 11 jAgo J] A -i (IV.l) 

i=l i=l i<j 

N * ** 

E E^(a+0) E E S(c,a,a a )S(c,a',M 

a,a'eS N k=l a CT (i)— «o-(iV) /3 CT '(i)—/3 CT '(W) 

x p a ^(i)p a ^(2) pa t r(a)=7-lpa t r(a+l)=7 /pa„ (l+1) =7^7+l 



o-(l) ct(2) ' ' o-(a) <r(a+l) I o-(a+Z)=fc 

A" 

X/ V(A0 ^(l-JV) 11^(0 ll^J ' 

(IV.2) 

where in (|IV.1J) . we have used [E 7rkl , R%^ N ] = 0. The element of -^'(/jV) between 

a ff(1) / pO ff(B+I) =7-KH-l\ « CT(JV ) j p /3 CT '(iv) p /V(i) • I,, 

•Sr(l) • • • \^a(a+l)=k ■■■ <j(N) anCl -St' (AT) ' " ' Sr'(l) 1S aerLOtea aS 



ct(JV) <r(a+i)=fc tr(a+l)ff(a) CT (i) 

, , a<r(iv)-7-*7+l- 7 7-l...a CT (i) 

^aoL fl • (IV-3) 

Pct'(AT) — P CT '(1) 



We call the sequence {a^m} normal if it is arranged according to the rules in (|III.5J) . 
otherwise, we call it abnormal. 

It is now convenient for us to discuss the non-vanishing condition of the i?-matrix 
element fllV.3|) . Comparing (jlV.3|) with ()111.14|) . we find that the difference between 
them lies in the fcth site. Because the group label in the kth space has been changed, 
the sequence {a a } is now a abnormal sequence. However, it can be permuted to the 
normal sequence by some permutation cfj.. Namely, a 7 ^ 7+ i in the abnormal sequence 
can be moved to a suitable position by using the permutation a k according to rules in 
(jIII.5j) . (It is easy to verify that a k is unique by using (JIII.5j) .) Thus, by procedure 
similar to that in the previous section, we find that when 

a' = a k oo and (3 a > {N) = a a(1) , /3 CT /(i) = a a(N) , (IV.4) 

the i?-matrix element (jIV.3|) is non-vanishing. 

Because the non-zero condition of the elementary i?-matrix element R\- is % + j = 
i' + j', the following i?-matrix elements 

CT (jV) <r(a + i) = fc CT ( n ) <r(a + l)o-(a) ct (jj 

i-l \« CT (iV)--- 7 ...7-vy+l- 7 7-1 a CT (i) 

K'a.: N) ) (iv.5) 

with a+l<n<a + l are also non- vanishing. 
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Therefore, (l!V~2l) becomes 

N * 

E 1 1+1 = EE E S(c,a,a a )S(c, a k a,a &ka ) 

ctG<Sjv fc=l a ai ...Ucr N 

v [p7 7+1 p a "W p7-lp7 p7^7+l p a "( N ) i 

A [-^(^(o+O) cr(l) • ' ' ^o-(a) a(a+l) • • • ^<r(a+0=fc • • • ct(JV) ~r • • ■ 

_i_ 7717 7+1 p<Ml) p7-l p7 p7^7+l p7 p a "(.N) . 

~T - C/ (cr(a+n))- r cr(l) ' ' ' r a{a) a(a+l) ' ' ' r cr(a+n) ' ' ' r cr(a+l)=k ' ' ' r a(N) ~r • • ■ 

1 p7 7+1 p'Mi) p7~lp7-*7+l p7 p a ^(JV) 
(<r(a-t-l)) tr(l) • • • ^(a) ^(a+l) ' ' ' a(a+0=*= ' ' ' tr(N) 

N 

8=1 i<jf 

= E^r 1 ®^*^ 1 ^^. civ.?) 
fe=i 

Here in (jIV.6)) cr^ is the element of Sn which permutes the first abnormal sequence 
in the square bracket of (jIV.6|) to normal sequence and G 7 7+1 in (jIV.7|) has the 
following elements: For 1 < 7 + 1 < m, 

2 k = 7 

G^ + \i,j) hl = h,i{ (2a,,)- 1 A; = 7 + 1 , (IV.8) 

1 otherwise 



for 7 = m 



and for m+l<7<m + n 

G " +1 («'»« = ^{ ( °"l ) " otUrwise ' < IV - 10 ' 

The non-simple generators are generated by the simple generators through the 
relation 

pim+n—a m+n \^\m+n— a m+n— a+1 |++m+n— a+1 m+n—a+2 j 

j^m+n— 2 m+n— I j^m+n—l m+nj jjj (IV 11) 

We have: 

1. For m = 0, the g/(m|n) supersymmetric model degenerates to the bosonic gl(n) 
model, which has been discussed in by Albert et al. 

2. For n = 0, a < m, 

£™ = E E ffr^i— E ®tx^- im - A 

fc=l 7=1 * 7 * 7+1 a=/3 >...>/3 fc =0 
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®diag 



1 l,2,ari,... 



)•••)-•■)*') "tu j ■ ■ ■ j 7 > 



V 



l U ' ' ' ' ' ife-lj 



a,. 1 . „■,..., a 1 



/3o-/3i 



; a ;j>( 2a * fe ;) 



(IV. 12) 



U) 



3. For m,n >1 and a < n, 

a fc— 1 

jjjm+n—a m+n ^ ^ ^ 

■■■7 

/ 



— -2— E ■ 

fe=l«i/...^7=l j t a=/3 >...> / 3 fe =0 



,fe 7-,m+?i-ft_i m+n-ft 



)diag 



!)•••)!) a nj! • • • 5 a nj! • • • 5 a i fc j! • • • 5 a i fc j! 1 



V 



(IV. 13) 



A>-0i 



Pk-1-Pk ) 



(?) 



4. For m,n> 1 and a > n, 



m+n— a m+n 



a min(fc-i,n-i) 

e e n 



fe-1 

n 



fc=l i 17 4...^j fc 7 = 1 l 7+l Z *7 7=n+ l *7+l 

x 2^ ®/=i s («i) 

a=/3 >...>/3 fe =0 



)diag 



1, . . . , 1, 2, a it j, . . . , a il7 -, . . . , a iij9 -, . . . , a in1 -, 



ft) -ft 



Pp-i—Pp 



\ 



a » P +ii' ' ' ' ' a v+u ' a v+2i' • • • ' a v+2j' 



-i 



' "'in) • • • ' 



(3 p >n and < n 



/3 P +i-/3p+2 



ikJ 

Pk-l—Pk 



(IV. 14) 



IV. 2 Elements of the monodromy matrix in the F-basis 

In the F-basis, the monodromy matrix T(u), (jll.9|) . becomes 

/ A u {u) ■■■ A 1 

m+n— 1 (w 



T(«) 



V <5i(«) ■•• c , m+n _ 1 (w) d(«) y 



(IV. 15) 
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We first study the diagonal element D(u). Acting the F- matrix on D(u), we have 

* N 

F X ... N D = E S(c 1 a 1 « ff )n^ ) fl[../o m+ %,i... W C n 

ctG-Sat « tT (i)...a (T (jv) t=l 

* AT 

= E E 5(c,a,aJnC»^o m+n ^(i...iV)Po m+n ^L.iv{IV.16) 

<Tg5jv o CT (i)---a CT (]v) t=l 

Following [6J, we can split the sum ^2* according to the number of occurrences of the 
index m + n. 



N * N 

' Ja o-(j)> m+nI ~(T(j) 



<tg5jv fc=0 a CT (i)...a CT (jv) j=N-k+l 
N-k 

x J] P^P™ +n T, M ,... N) Pr n Rl...N- (IV.17) 

3=1 

Consider the prefactor of R1^ N - We have 

N-k N 

nTD a "U) I I pm+n -prn+nrp pm+n 
Mj) 11 -0) ^° taMi-N)^ 

j=l j=N-k+l 

N-k N N 

nTD a °U) TT ( T) \m+n m+n m+n pm+n TT pm+n 

M?) 11 l it0ff (j)Jm+«nvfn / 1 0,^l...N-k)^o [[ 
j=l j=N-k+l j=N—k+l 

N-k N 

np a ^U) Tjm+nrp pm+n TT pm+n 

^0 h,a(l-N-k)P [I P a(j) 

j=l j=N-k+l 

N-k N-k N 

n/„ xm+na CT(i) TT p o; CT y) TT pm+n 

l«(Mi)J m+naCTW 11 &(J*) 11 Mj) 

AT-fc AT-fc N 

= u^UKuf n ^ ( iv - is ) 

i=l j=l j=N-k+l 



where Co; = c(u, Zi), aoi = a{u, z^). Substituting (|IV.18|) into (|IV.17|) . we have 

)(») 

Therefore, 



F ^ NT m +nm+n = g,iV idiag (aoi> _ _ _ ^ ^ !) (IV . 19) 



D(u) = g^diag (aw, • • • , a 0l , l) w • (IV.20) 
The creation operators in the monodromy matrix can then be obtained as follows: 
C a (u) = [E am+n ,D(u)}, {l<a <m + n), (IV.21) 
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which follows from the gl(m\n) invariance of the i?-matrix, i.e. in terms of the mon- 
odromy matrix, 

[f (u), E$ + E af3 } = 0. (IV.22) 

Substituting E am+n , E m+na and f m+n m+n into the above relations yields 
for n — 0, 



fc-i 



( 



E 



k=l ix±...+i k 7=1 '"' 7 '^ 7+1 a=A)>->y9fc=0 



<g>diag 



V 



/3o-/3i 



\ 



/3 fc _i-/3fc-l 



(?) 



(IV.23) 



for m,n > 1 and a < n, 



fc-i 



m+n— a 



e e "« ,n 



E 



k=l h^...^i k 7=1 ^ 7+1 ^ 7 a=A)>...>/3 fc =0 



»fc rpm+n-/3i- 1 m+n— fit 



( 



®diag 



V 



\ 



a 0j, ■ ■ ■ i a 0j: a 0j a i 



■ a °i a «fei' ■ ■ ■ ' 



a<yaA 1 



A.-/3i 



(IV.24) 



and for m, n > 1 and ct > n, 



mm(fc-i,n-i) 



n 



fc-i 



n 



c m+n _ a (w) - Yl boi * ... - - 4 jl - 

fc=l 7=1 * 7+1 * 7 7=n+l * 7 * 7+1 



v \^ ^fc p m+n-ft_i m+n-fa 

x 2^ ®i=i £, (i l ) 

Q=3o>...>/3 fe =0 
/ 

<g>diag 



a j, • • • , a j, 2a j, aojOjJ, • • • , aojOjJ, • • • , aojOjJ, • • • , aojOjJ, 

V 



V 



Ad-/3i 



a Qj a ip \ lP a 0j a ip l +lJ , a 0j a^ 2 ., . . . , a 0j a^ 2j , 



/3p — (3p+i — 1 
/3 P > n and /3 p+ i < n 



V 

/3p+i-/3 P +2 
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\ 



• • • ' a oj a iX •••■> a Oj a i k )i 1 



J 



(?) 



(IV.25) 



Here, aoj and 6 j stand for a(u,Zj) and b(u,Zj), respectively. 

V p/(2|2) Bethe vectors in the F-basis 

In this section, specializing to the superconductive gl(2\2) electronic system, we will 
resolve its nested Bethe vectors in the F-basis. 

In the framework of the algebraic Bethe ansatz, the pseudo-vacuum state is 



10 >= 






V 1 / 



(V.l) 



(k) 



The Bethe vector of the model is then defined by 

<M«i,-- ■,«»!)= E (0i 1 1 ) ) dl - <i " 1 c cil (^)...c d „ i K 1 )|o>, 

d\...d ni 



(V.2) 



where di = 1, 2, 3, ((f)ni) dl "' dni is a function of the spectral parameter Vj. In the algebraic 
Bethe ansatz, {4>n}) dl " mdni is also associated with the 3-dimensional nested Bethe vector 



E (^"^cgW) • • • ^I>£)lo > (1) (v.3) 



di...d„n 



where di = 1,2, |0 >( 1 ) is the nested pseudo-vacuum state 



|o >«= 0^ ( ] , 



(V.4) 



(.( 2 )\di...(i n9 



is a function of the spectral parameter Vj , and C^'s are the creation 

operators of the nested pZ(2|l) system. Here 0n 2 is the second level nested Bethe 
vector associated with the gl(2) model. As usual, the second level nested Bethe vector 
is defined by 



«(^ ) ,-.-,^ ) ) = ^ (2) (^ ) )..^ (2) (-S ) )|o> (2) , 



with 



io > (2) = ku ( ; ) 



(V.5) 



(V.6) 
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Applying the gl(2\2) F-matrix, i.e. m = 2, n = 2 in (jIII.4|) . to the pseudo-vacuum 
state (|V.ip . we find it is invariant. This is due to the fact that only terms whose roots 
all equal to 4, in the definition expression of FW, produce non-zero results. Therefore 
the Bethe vector (jV.2|) in the F-basis becomes 

$n(vi, ■ ■ ■ ,v ni ) = F 1 ... N ® N (v 1 ,...,v ni ) 

= £ (tSY^cM ■ --^KJio > . (v.?) 

di...d ni 

For the Bethe vector (jV. 7j) . one checks that the spectral parameters of the system 
preserve the exchange symmetry 

*iv(^(l), • • • , ««r(ni)) = $n{vi, ■ ■ ■ , V ni ), (V.8) 

while the creation operators satisfy the following commutation relation 



CMCjiv) = (-l)^-^—C,(v)C t (u) - (-l^^lc^C^v). (V.9) 

a[v, u) a{v, u) 

These two properties mean that we may propose the following special sequence of the 
creation operators with pi number of di = 1, p 2 — Pi number of di = 2 and n\ — p 2 
number of di = 3: 

Ci( Vl ) . ..Ci(v Pl )C 2 (v Pl+ i) . ..C 2 (v P2 )C 3 (v P2+1 ) . ..C 3 (v ni ). (V.10) 

With the help of the commutation relation (jV.9|) . we may rewrite the sequence as 

Ci(vi) • . .C x {v Pl )C 2 {v Pl+x ) • . .C 2 {v P2 )C 3 {v P2+1 ) . ..C 3 (v m ) 
= h(v u . . . , v ni )C 3 (v P2+1 ) . . . C 3 (v m )C 2 (v pl+1 ) . . . C 2 (v P2 ) 

xC l {v 1 )...C l {v pl ) + ... (V.ll) 

with 

pi P2 ^ P2 ni ^ 

* v)=nni- >n n< 



. a(vi,v k ) f\. LL ^ a(vi,v k ) 

k=l /=pi+l v k=l l= P 2+l 



Here the prefactor h comes from the first term of (jV.9|) . and " . . ." stands for the other 
terms contributed by the second term. Considering the exchange symmetry (jV.8|) . one 
easily checks that the other terms " . . ." can be represented by 

C3(> CT (p 2 +i)) • • • C 3 (v a ( ni) )C 2 (v a(j)1+1) ) . . . C 2 (v a(p2) )Cx(v a{1) ) ■ ■ ■ CiK( P i)) ; (V.12) 

where a G S ni . Substituting ()V.10|) into the Bethe vector ((V.7p .we then propose the 
following Bethe vector $^ 1,P2 ' ) corresponding to the quantum number p\ and p 2 . 

= (tf 1 ) ) 1 - 12 - 23 -" 3 Ci(^i) . . . Cx(v Pl )C 2 (v Pl+1 ) . . . C 2 (v P2 )C 3 (v P2+1 ) . . . C 3 (v ni )\0 > 
PxKP2 - Pi)K n i ~Pv ] Tt 

xC 2 (v a(pi+1) ) . ..C 2 {v c{p2) )Cx{v<j(x)) ■ ..Cx(v a{pi) )\0 >, (V.13) 
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where a in 0ni implies that the permutation of the inhomogeneous parameters of the 
original nested Bethe vector. 

In view of (jlV.24j) and (llV.25jl . the gl(2\2) creation operators Q(i = 1,2,3) in the 
F-basis take the form 

N 

C 3 = ^2 b oi E fi) diag (aoj, a oj , oojOy 1 , l) (j) , (V.14) 

i=l 
JV 

C* 2 = 6w-E^ <8)jVi diag (a 0j , 2a 0j , a Qj a^ , l) + . . . , (V. 15) 

i=i 

iV 

Ci = fe oi^J) diag (2aoj, a jo£\ aojo^ 1 , l) + . . . , (V.16) 

where " . . . " stands for terms which contain more than one generators, e.g. E\ 2 ® E 24 
etc.. Applying C 2 and C\ to the pseudo- vacuum state IjV.ljl . one finds that all other 
terms equal to zero. Therefore, substituting (|V.14J) - ()V.16|) into (|V.13jl . we obtain 



E E 



Pi!(P2-Pi)!("-P2)! ji , ri , n , , 



^ni^pi.pz)^ 1 ' ' ' ' > V m'> V l ' • ' • > U Pl^> • • • '^l^l' • • • >^»ni) 

i<...<i ni 

P2 Pi 

n 4*. n 4*,ri4:)io>. cv.it> 



X 

ni P2 Pi 

X 

j=P2+i j=pi+i J=n 



where {z fca+ i, i fca+1 , . . . ,i ka+1 }n{i kb+ i } = (A; a ^ k b and /c a ,/c 6 e {0,pi,p 2 }) 

and 

^m.CPLPa)^ 1 ' ' ' ' ' t ' n i' t 'i ' " ■ > u p?> • • • ) u p2^ z n' • • • i z in x ) 

Pi P2 / / \ \ P2 m / / \ 

yfr rr / a(^ a) ,^J \ TT TT [ ^Vffl^J 

creSn fe=l /=pi + l V V W ' ^W^ 7 fc=l«=p 2 + l V V \ / 

X (^li'' ) -Sn-p2( t 'cr(p2+l); • • • ) V (r{nx)\ z i Pl +ii ■ ■ ■ i z i ni ) 

xB* 2 _ pi (v a ( Pl+ i), . . . ,v a ( P2 )\z ipi+1 , . . . ^^JB^ . . . ,f<7( Pl )| Zi-y , . . . , Zi p j 

(V.18) 



with 



Bp(v 1 ,...,v p \z 1 ,...,z p ) = y2T[b(v m ,z a , m) ) IT a ' 

a£S p m=l l=m+l V CTlm -" 

P P 

ff*(t>i, . . . , v p \zx, ...,z p )= ^ sign(cr) ]~[ 6(v w , z a(m) ) 2a(w m , z a{V) ). 

a&Sp m=l i=m+l 

(V.19) 
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In (jV.18j) . we still need to determine the form of (0n\' ) ) 1 '" 12 ' " 23 '" 3 , which should be 
evaluated in the original basis. Define <j>nl = F^ we now examine the relation 

between and <pn}- 

Write the nested pseudo-vacuum vector (|V.4|) as 

|0 > (1) = |3 - - - 3 > (1) , (V.20) 

where the number of 3 is n\. Then the nested Bethe vector ()V.3j) can be rewritten as 

$?M? ■ ■ ■ = \€l >= E (^S) dl - dni Idi • • • < > (1) • (v.2i) 

di...d ni 

Acting the gl(2\l) F-matrix F^ from the left on the above equation, we have 

■ • - iff? >= >= e • • ■< > (i) . (v.22) 

It follows that 

(0W) 1 - 12 - 23 - 3 = < 1...12...23...3|0W >=< 1...12...23...3|F«|0« > 

* ni 

= <1... 12. ..23.. .3| v v jjp;.«> 

creS„ 2 a CT (i)...a CT ( ni ) j=l 



* ni 



= < 1... 12. ..23. ..3 <j ^ 

= t(c) < 1 . . . 12 . . . 23 . . . 3\<f>S >= t( C )(^W) 1 - u - as - 3 (V.23) 

with t(c) = n?> i= i(l + Cii) n?> i=Pl+ i(l + %•)■ & follows that (0S) 1 - 12 - 23 - 3 may be 
computed by the F-transformed version (4>nl j 1 - 12 - 23 - 3 . 

In the following, we compute (</>ni j 1 '" 12 '" 23 '" 3 with the help of the nested g/(2|l) 
F-basis. 

1. The first level nested gl(2\l) Bethe vector 

Denoted by F[ n the ni-site gl(2\l) F-matrix. Acting the F-matrix on (|V.4|) . 
one finds that the nested gl{2\\) pseudo- vacuum state is also invariant. Thus in the 
F-basis, the nested Bethe vector (IV. 31) becomes 



= E («) dl '-- d ' l2 ^I ) ri 1) )---^I ) 2 (<)|0 > (1) • (V.24) 



■i 2 - u-n 2 • 

d\...d no 



•'■2 

We may prove that the nested Bethe vector satisfies the following exchange sym- 
metry 

- , €L) = - , (V.25) 



l...n 2 
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where c\ n has the decomposition law 

<r.n = C(l... n) ct..n (V.26) 

with Cj* >n = Ci j+i = c(fj,fj + i) for an elementary permutation crj. 

This enable one to concentrate on a particularly simple term in the sum (IV.24J) of 
the form with p\ number of d^ — 1 and n — pi number of dj = 2: 

C?\vM) . ..C?{vU)C?{v% +1 ) . ..<?«(„«). (V.27) 
The commutation relation between Ci(v) and Cj(u) ^1] in the F-basis becomes 

C?\v)CP(u) = - 1 cfMCf'W + ^CfWCf'W. (V.28) 
Then using (jV^Sjl - all C^'s in (jV^Tjl can be moved to the right of all C| s, yielding 

= ^ • • • ^)C^\v%) . • .Cf«))(7«(,«) . . . + . . . ,(V.29) 

where g(v^ , . . . , Vn 2 ) = IlfcLi nr=pi+i( — V a ( u j > v k )) * s the contribution from the 
first term of ()V.28j) . As before, the other terms ". . ." can be given with the help of the 
permutation operator a G S n2 . Thus, we rewrite the nested Bethe vector as 



Pi n 2 



e n n 



1 



x ^tf> l+1) ) . . . ^tf> 2) )Ci 1 )(^ ) ) . . . |0 > . (V.30) 

From (jlV.24|) and (jlV.25|) . the g/(2|l) creation operators in the F-basis are given 

by 

N 

C 2 = ^2 b ° iE fi) dia § Kj) 2a 0j, , (V.31) 
i=l 
N 

Ci = ^6oi^g®i^diag(2ao J -,a 0j ar. 1 ,l) +... , (V.32) 



o-G5„ 2 fc=li=pi+l \ a l t 'cr(0'' l, o-(fe)' 



i=l 



Substituting these expressions of Ci into (|V.30p . we have 



i 



/ v / j D n 2 ,p\\ U l ■>■■■■> u n 2 i U l i ■ ■ ■ 1 U pi I "ill ■ ■ ■ J ^n 2 ) 



«2 Pl 

- ii £ g»n^»io>. < v - 33 ) 

i=Pi+l j=i 
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where {ix,i 2 , ...,i Pl }n {i Pl+ i, i Pl+2 , ■ ■ • , vJ = and 

r(i) (J 1 ) v ^-v {2) «• ) 

n n 2 ,pA u l > • • • > U n 2 ) y l )•••)> !%)•••) <VJ 



Pi rt2 



^ (!) ^ 



£<*..-. n n 



a&Sn 2 k=ll= Pl + l \ u 'V ty CT (i) u a (k) 

X ( < / , i 2 2 ) ' <T ) 11 "' 12 "' 2 -^n 2 -pi( t 'i(p 1 +l)' • • • i V i(n 2 )\ V i Pl +l> m m m i V in 2 , 



(V.34) 



Denote by the second level nested gl(2) F-matrix. Applying the F-matrix to 
0n 2 \ one obtains 

(0 ( 2 ) ) i,.,,., = (nc)r i ( ^( 2 ) ) n.., 2 .., (V35) 

with t'(c) = EI ->i=i(l + Cij) n;> i=Pl+ i(l + %■)• Therefore as before, the (tfi'' 7 ) 11 - 12 - 2 
in (jV.34|) can be determined in the gl(2) F-basis. 

2. The second level nested gl(2) Bethe vector 

The m = 2, and n = limit of (jIIL4|) gives the g/(2) F-matrix In this F-basis, 
the n2-site simple generator F 12 is given by 

n 2 

F^ = g Fg ®^ diag (2, (2a,,)- 1 ) ( . } , (V.36) 

8=1 

the diagonal element F/ 2 <*(w) of the g/(2) monodromy matrix is 

D^{u) = ®r=idiag(ao,,c 0i ) (0 ), (V.37) 
and the creation operator C^(u) becomes 

ri2 

C {2 \u) = -J2 boiEft diag (2a 0j , (2a ij )- 1 % ) ( . ) . (V.38) 

i=l 

Applying F^> to the nested Bethe vector <pn 2 , we obtain 

(c)CW(v®)CW(vW) . ..& 2 \v$)\0 >( 2 ), (V.39) 



where s n (c) = rij>i=i(l + c «i) * s fr° m the action of F^ on the nested pseudo-vacuum 
state |0 >( 1 ). With the help of ()V.38|) . the F-transformed nested Bethe vector is given 
by 

• • • ,t® = ^(c)^?') . . .C^g)) |0 >( 2 ) 
= SnM £ Fg)(,f\...,,g)|^\...,,«)Fg ) ...F- 3) |0>( 2 ),(V.40) 



**»8 ' 

il<...<in 3 
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where 



n 3 V u l ' • • • ' u n 3 I u 2 5 • • • 5 u n 3 

"3 ™2 „(nX 2 ) oX 1 )^ 



H2 / V^j UM m 

e n n jttiA^ n ^mi>)- ^ 

crG5„fe=l j^ CT (l),...,cr(fc) Za \ V a(k)' V j ) l=k+l 

Here we note that if we exchange the spectral parameter in (jV.39|) . the gl(2) Bethe 
vector is invariant. Therefore substituting the representation of <j)( 2 \ i.e. B^ 2 \ into 
(jV.34|) . we may rewrite the nested gl(2\l) Bethe vector as 



Pl (v () v [1 >) 



with 



s p^ c > V V R (1) (v W v {1) -v {2) v {2) \v- v- ) 

ri2 pi 

x n 4-)n4-)i°> ( v - 42 ) 

j'=pi + l jr' = l 



n2,pi\ u l i ■ ■ ■ i v ni i u l i ■ ■ ■ i u pi \ u m ■ ■ ■ i u i 

(1 Pe + 1 

n n (i+^vo-)) 
e=0 cr(j)>cr(i)=p f + l 



(!) .,(1) 



Pi U2 

x n n , ui ui , 

k=ll= Pl + l \ a \ U o(l)i U a(k)) 

vR* ( V W (1) I N 

1J n 2 -pi\ U a(p 1 +l)^ • • • ' o-(n 2 )l%i+l' " " " ' Vt ™2 > 



xB* (v 



pi ( v i(i)> ■ ■ ■ i v a(pi)\ v ni ■ ■ ■ > v i P1 )- 



(V.43) 



Having resolved the nested g/(2|l) Bethe vector, we now go back the Bethe vectors 
of g/(2|2) electronic model. By the exchange symmetry of the g/(2|l) Bethe vector 
f|V.25|) . we represent the Bethe vector (|V.44|) in the F-basis by 



s pi {c) 



E E 



(Pi0 2 ((P2-Pi)0 2 (m-P2)! ii , n iri r , 

X E B nl(Pl,P2)( Vl > ■ ■ ^ V ^ V l\ ■ ■ - ^ • • " .^K, ■ ■ ■ iZinJ 
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with 



P2 



Pi 



X 



n b s» n 4:,n4:,io> 



j=p 2 + l 



j=Pl + l 



^ni!(pi,P2) ' ' ' ' Vni ' ^1 j ' ' ' ' ' V P2 \ Z iii ■ ■ ■ i Z i ni ) 



E n n (i+^o)) 

0-eS ni ^£=0 cr(j)>cr(i)=p c +l 

Pi P2 / / \ \ P2 ni 

a{v a( i),z ik ) 



X 



TT TT / "I'M?)' ] TT TT a l^(Q ; fij 

ti 4 + i v "(mo. ii /= i+i aK «' w *<*>) 



X - D P2,PlV t 'l ) • • • > U p 2 ' V l I^Mll)) • • • 5 U cr(l p2 )) 

X-B n -p2(' y o"(p2+l)' • • • ) ^o-(ni) l^ipj+i) • • • 5 ^i ni ) 
x -Bp 2 -p 1 (' U (T(pi+l)? • • • i V cr{p2)\ Z ip 1 + ii • • • i Z i P2 ) 
X-BpiKa). • • • > u <r(pi)l*ii> • • • > *i P1 )- 



,(l)-„( 2 ) 



,(2)| 



(V.44) 



(V.45) 



VI The resolution of the gl(m\ri) nested Bethe vec- 
tors in the F-basis 

In this section, we generalize the results in the previous section to the gl{m\n) super- 
symmetric model. The procedure is similar to that of the gl{2\2) case. Here we only 
give the final results. 

Associated with the (m + n)-dimensional gl(m\n) representation space, we have the 
orthogonal states \j > (j — 1, 2, . . . , m + n) defined by 



II >= 



/ 1 \ 



\ / 



\m + n >-- 



/0\ 


v 1 ; 



(VI.l) 



Consider the gl{m\n) Bethe state vectors with quantum numbers p±, p 2 — p±, ■ ■ ■ , 
p m+n _2 — p m +n-3, n i — Pm+n-2, and N — ni, which label the numbers of state |1 >, 
1 2 >, \m + n > in the Bethe state, respectively. Define the pseudo- vacuum state 
of the TV-site system 



|0 >= <S>k=l\ m + n >(k) ■ 

Then the gl{m\n) Bethe vector in the F-basis corresponding to the special quantum 



numbers, <J>]^ 



(pi,...,p m+ „_ 2 ) 



tji, . . .,v m ), is given by 



(pi,...,p m+n _ 2 ) 



A? 



(ui,...,Uni) 
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Ua=l S P a ( C )Pl- 



rET" 1 ((p«-p«-i)!) m+n - 



-a E/ E/ 

ii<...<i P1 i P1 +i<...<j 



E 



P2 'P m+ 2-2 



+ !<...<«„ 



(0) 



n-l,(pi,--;Pm+n-2) 
m+n—1 Pm+n-a 

x n n ^"- am+n 

a=l j'=p m+n _ a _i+l 



(ui, ...,v ni ;v[ >,..., v]», . . . , u^ +n _ 2 |^ il , ■ • • , z ini ) 



(i) v (i) 

...,u, 

|0>, 



(VI.2) 



where {i fco+ i, i fea+2 , . . . , i ka+1 } D {i^+i, %+ 2 , • • • , = (fc a 7^ A; 6 and k a , k b G 

{p ,Pl • • • ,Pm+n-2}), for 771 = 1, 



B (o) 

ni,(pi,—,Pm+n-2) 



(Vi , • • • , V ni ]v[ , • • • , l> ^ , • • • , J +n _ 2 I %n , ■ ■ ■ , Zi ni ) 



K {4 

n 
13=2 



(n- 1 ) 7 .(n-l)L,(«-2) (n-2) 



Pi 



Tl-1 Pa Pa + 1 Q ( y 



e n (i+^(^o)) nn n 



,(n-/J) 



(«-l-/3)\ 



^eS P0 \ CT /3(j)>a/3(i)=l 

11 ^ pi ^V(i) ' • • • ' V( P i)IV+i(i) ' • • • ' V+i(pi) J 



, (n-/3) (n-/3)\ 
a=l fc=l *=p a +l a ^V(0 ' J 



/3 



x TT R ( w (n_e) 1 v (n - 8) \v (n - l - 8) J"- 1 - ) 

7=2 



(VI.3) 



and for m > 1, 



s (o) 

™l,(Plv,Pm+n-2, 
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with the conventions = 0, p m +n-i = n%, v^°' = v, ^ = u, a m+n = 1, and 
B~(v® v%r\ . . . , vt l) ) = Bg\v?, . . . , v%l% . . . , vt\ 



VII Discussions 

In this paper, we have constructed the factorizing F-matrices for the gl(m\n) -invariant 
fermion model. In the basis provided by the F- matrix (the F-basis), the monodromy 
matrix and the creation operators take completely symmetric forms. We moreover 
have obtained a symmetric representation of the Bethe vector of the system. 

Authors in derived a formula that expresses the local spin and field operators 
of fundamental graded models in terms of the elements of the monodromy matrix. In 
particular they reconstructed the local operators (F* J ) in terms of operators figuring 
in the gl(m\n) monodromy matrix. This together with the results of the present paper 
in the F-basis should enable one to get the exact representations of form factors and 
correlation functions of the supersymmetric fermion models. These are under investi- 
gation and results will be reported elsewhere. 
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